This work concerns intself with the analytical investigation into the feasibility of optical processor based beamforming for microwave array antennas.
INTRODUCTION
Phased array antennas are playing an increasingly important role in current and anticipated radar and communications applications. In particular, planned space based systems are requiring the multifunctional capabilities offered by phased arrays over more conventional approaches (e.g. reflectors).
The electronic networks (referred to as beamforming networks) required to furnish complex aperture excitations to form the desired antenna beams can become prohibitively bulky for large arrays.
Space applications demand that the volume and weight of these networks be kept to a minimum.
Conventional methods for phased array excitation employ variable phase shifters ( VPD's) and power dividers (VPD's) in the beamforming network to generate the required beams. ior arrays with large number of elements, the network weight, losses and the expense of fabricating and tuning the individual components makes this approach become impractical as the number of array elements increases. There are also limitations on microwave bandwidth and on the speed of beam repositioning with conventional methods.
Those problems with conventional beamforming makes it imperative to develop a proposed technology that performs array beamforming via optical signal processing.
This paper proposes a novel approach which utilizes optical processing techniques to provide aperture excitations for the array in real time.
The technique will eliminate the need for phase shifters and power dividers required by conventional beamforming networks.
Additionally, the technique proposed will utilize low loss fiber optics in lieu of conventional lossy and bulky transmission lines (e.g. waveguide and coaxial guides).
Keopf1 has described the basic concept for both transmit and receive applications.
In his description, a heterodyne processing scheme is used in conjuction with a static means (i.e. pinhole mask) for production of a scaled image of the desired far field pattern.
The scope of this effort was to derive a transmit architecture which would be tractable to formation of generalized shaped beam far field patterns.
Thus a dynamic means for image formation must be employed. Additionally, the system should be capable of operation in the 20/30 GHz communications band.
These requirements necessitated consideration of alternative approaches due to inherent limitations of the Keopf method in addressing these requirements. Once this basic processor configuration was established, a computer model of the network was generated for analysis of its beamforming capabilities.
A conceptual transmit mode processor is depicted in Figure 1 .
A continuous wave laser source emits a beam that is split into two paths. The optical signal in Path A undergoes temporal modulation with a microwave information signal.
The optical signal in Path B is spatially modulated by a reflectance function, then Fourier transformed with a lens.
The modulated optical signals from both of these paths are then added together and sampled spatially by a fiber optic array which transports the combined optical signal to the individual microwave array elements. At the array element the optical signal is detected to reproduce the microwave information signal. The spatial amplitude and phase distribution provided by Path B will be retained. This microwave signal is then amplified and radiated by the array antenna.
The reflectance function that spatially modulates the optical signal in Path B is Fourier transformed by a lens to provide a spatial frequency distribution.
The addition of the 
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The field formed in the front focal plane of the lens via diffraction are thus expressible through a Fourier transform i.e.,
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The pupil function is assumed to be unity for the lens. A digitized image of the desired far field footprint is provided in the form of light and dark contrasting elements (pixels). A discrete Fourier transform is thus formed for a NxM matrix scene of area axa constant transmittance pixels.
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Thus both amplitude and phase (i.e. pixel "brightness" and location relative to a central axis) is contained in equation (3).
The distribution E(x2,y ) now represents the complex aperture excitation, once downconverted, of the array antennk. The far zone fields resulting from such excitations may be obtained via standard Fraunhoffer diffraction evaluation of the array aperture.
A preliminary design procedure has been established in an effort to identify the functional relationships between optical image creation and far field footprint performance. This entails image scaling in both amplitude and phase, the primary equations (figure 3) governing these relationships being expressible as: 
Equation (4) determines the total field of view required in the image plane for a specified far field beam scanning angle. This is helpful in the design of scanning spot beam antennas. Equation (5) This isolates the network design parameters to prevent spatial filtering from occuring during beam formation.
This aids in determination of beam shaping characteristics for contour (i.e. "sector ") beam formation.
These beams are particularly useful when land coverage beams are required for geosynchronous orbit. Here D E diameter of array on fiber bundle aperture A E illuminated portion of aperture X ,X E optical and microwave wavelength respectively scan E total far field beam scanning angle & & Equation (4) determines the total field of view required in the image plane for a specified far field beam scanning angle. This is helpful in the design of scanning spot beam antennas. Equation (5) expresses the relationship between the required fiber bundle size, image plane size and antenna aperture size for the creation of the desired far field footprint. This isolates the network design parameters to prevent spatial filtering from occuring during beam formation. This aids in determination of beam shaping characteristics for contour (i.e. "sector") beam formation. These beams are particularly useful when land coverage beams are required for geosynchronous orbit. Processor geometry for beam scaling.
3.
RESULTS
A theoretical model of a liquid crystal light valve (i.e. LCLV) was developed to study the aspects of beam formation using an optical processor based network. Figure 4 depicts a The chosen trial antenna aperture was a 121 element planar array, operating at a transmit frequency of 20 GHz. The total available aperture is 6273 square wavelengths.
The particular grid density of 51x23 pixels in the LCLV array was chosen on the basis of the most efficient utilization of land mass coverage from the designated geosynchronous orbital position.
Figures 5a and 5b illustrate the versatility of the network by the creation of area coverage beams as well as multiple spot beams.
It might be noted that these simulations were done assuming an ideal LCLV with pixel transmittance being either 1 or 0 (i.e. infinite contrast ratio).
In reality, there is always some leakage through the light valve so that the transmittance cannot go to zero.
The effect of such leakage tends to broaden the main lobe and heighten the sidelobe levels of the microwave far field pattern. A parametric study was thus conducted to determine the lower limit of contrast ratio for adquate far field patterns to result. Criteria for evaluation were sidelobe level and main lobe beam width.
It was determined that for the network under study, minimum contrast ratio of 30 dB was required for spot beams and a 25 dB level for sector beams before a 10% increase in sidelobe level or half power beam width (as applicable) was observed.
Note that the image formed on the LCLV is an inverted scaled image of the desired far field pattern. 
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4.
CONCLUSION
The concept of optical processor based microwave antenna beamforming has been deemed feasible supported by the analysis presented herein. Advantages and disadvantages of the approach as referenced to more conventional designs have been highlighted to establish the validity of this technique.
A quantitative view of the processor characteristics at the output of the antenna was presented. As a result, a generalized computer model has been established to aid in the processor design procedure.
Refinement of the analytical model comprises the bulk of future work to be done. This includes the determination of processor configurations for receive applications. 
BOTH AXES ARE IN D£6
The effects of processor generated noise and dynamic range were also studied inasmuch as the envisioned network realization would be for communications links. These results are beyond the scope of this presentation although information concerning this can be found in reference (3).
CONCLUSION
Refinement of the analytical model comprises the bulk of future work to be done. This includes the determination of processor configurations for receive applications.
